Land-sea thermal forcing of the coastal wind near Lima, Peru, is examined as a mechanism to explain the observed wind variability there, in particular the similarity between monthly anomalies of sea surface temperature and wind speeds on the interannual time scales typical of E1 Nifio occurrences. Aerological and surface meteorological observations from Peru coastal sites are analyzed for two time scales: over 15-20 year periods (1958)(1959)(1960)(1961)(1962)(1963)(1964)(1965)(1966)(1967)(1968)(1969)(1970)(1971)(1972)(1973)(1974)(1975)(1976)(1977) for monthly averaged data and over a year (1976)(1977) for daily data. Wind profile characteristics and annual cycles, and their relation to the cross-coastal temperature gradient are qualitatively and quantitatively consistent with the thermally forced boundary-layer model proposed by Lettau (1978) 
INTRODUCTION
Sea breeze circulations are a well-known consequence of the diurnally varying temperature contrast that develops between land and sea along coastlines. Differential daytime heating over the land results in the onshore flow of relatively cool air and the return flow of land-warmed air aloft, toward the sea. The maximum cross-coastal circulation occurs shortly after the maximum land-sea temperature contrast, and in the northern hemisphere the wind shifts to the right owing to the Coriolis effect [Estoque, 1961] .
In the tropics, and in the mid-latitudes during summer, the contrary nocturnal phase may be less pronounced and the time-averaged system should retain the characteristics of the daytime effect: surface onshore flow, return flow aloft, and an alongshore component geostrophically balanced by the landward (steady state) pressure gradient associated with the thermal contrast. Conditions for such a mean air-land-sea system are ideal along the Peru coast, where coastal upwelling maintains a persistently cool ocean boundary. Lettau [1978] has developed a steady thermally forced model of the Peru coastal wind along these lines, in which an alongshore low level jet arises in the same sense (equatorward) as the regional SE trade circulation. The system is self-sustaining, because positive feedback exists between the thermal forcing and the upwelling.
The existence of a thermally forced low level jet along the Peru coast is poorly documented (Lettau had little direct evidence to support it). Moreover, the observation (see the next section) that the coastal winds become anomalously strong during years of abnormally warm sea surface temperatures (El Nifio) runs contrary to the expected feedback relationship. Anomalies of monthly data were extracted by calculating the mean values for each of the 12 months of the year to form the annual cycle and by subtracting the latter from the data by corresponding months. All daily averaged data from 1976-1977 were smoothed with a 3-day running mean (3 DRM). This effectively eliminated variability on time scales at or less than the local inertial period, which is about 2.4 days. The $SE-NNW (150ø-330øT) direction, which is very close to the coastline orientation from 11øS to 13øS, was used to decompose rawinsonde wind data into cross-coastal (U) and alongshore (V) velocity components, positive onshore and equatorward, respectively.
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BOUNDARY-LAYER MODEL
The Peru coastal wind is characterized by a low-level alongshore wind jet with its maximum strength in the atmospheric boundary layer below one kilometer [Lettau and RutllantCosta, 1978] . Lettau [1978] argued that the time-averaged jet is primarily driven by the thermal contrast between the cool ocean littoral and the warmer coastal desert. Both the temperature contrast and the associated pressure gradient decrease with height. The result is a surface intensified alongshore geostrophic wind, which combines with frictional effects near the surface to produce the low level jet, centered approximately over the coastline. Thermodynamic considerations require a cross-coastal (ageostrophic) circulation to transport ocean-cooled air landward near the surface and export desertwarmed air seaward aloft.
To represent the mean jet, Lettau [1978] Table 13 Prominent features of the temperature and water vapor distributions ( Figure 4 ) include a strong subsidence inversion near 950-850 mbar that usually sets in about May and persists until November without interruption. Temperature and moisture at lower levels reach minimum values in August (owing to lower SST, winds, and insolation) and maxima in February. Prohaska [1973] found that the winter inversion extends typically from about 700 to 1500 m, with a near normal lapse rate from the surface to the inversion base. During the summer, smaller and less permanent inversions occur mostly below 500 m, owing to the combined effects of subsidence and oceanic cooling. As a result the air below the winter inversion is probably less stable than for the same layer in the summer. According to Prohaska [1973] the nearly uninterrupted cloudiness over Lima in winter (June-October) consists of a stratus layer extending from ceiling heights of 150-300 m to the inversion base. The strong inversion traps moisture in the surface layer where relative humidities of 80-90% are typical, and the cloudiness is formed and is maintained primarily by a mixing condensation process. In the summer (DecemberApril) the relative humidities in the first several hundred meters reach a minimum (70-80%) because air temperatures are higher and the vapor flux, though also greater, is allowed to extend to much higher levels. Summer fogs form offshore along upwelling fronts and are driven toward the coast by early morning onshore winds. The fog transforms into low stratocumuliform cloudiness which usually dissolves by midday as the wind increases and backs to a more nearly along- Table 1 . The annual cycles of wind speeds and temperatures at various coastal locations indicate the probable importance of seasonal cloudiness in controlling the relative influence of thermal forcing and trade circulation (seasonally) on coastal winds. At Lima (12øS), where the winter cloud cover is most prevalent, the thermal contrast between land and sea is much greater during the relatively cloud-free summer season than du.ring the winter months. The difference between the air temperature at Lima and the sea surface temperature at Callao undergoes a large annual oscillation that corresponds well to that of the Lima wind (Table 2a) . Near 5øS, stratiform winter cloudiness is rare, and the seasonality of cloud cover is much less marked than at 12øS. Accordingly, the difference between the air temperature over the Sechura Desert (Piura) and the sea surface temperature at Talara has a much smaller seasonal oscillation relative to its mean (Table 2b) The 
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